Introduction
The conservation status of seahorses and other syngnathids (pipehorses, sea dragons and pipefishes) have been the focus of increasing concern since the mid 1990s, both in their own right and as flagship species for broader marine conservation issues (Vincent, 1996; Foster & Vincent, 2004) . These fishes are affected by direct overexploitation, incidental capture by non-selective fishing methods, and degradation of their marine habitats. They are also traded internationally in dried form for traditional medicine and curios and alive for aquarium display (Vincent, 1996) . Concerns over unsustainable levels of exploitation led CITES to add all seahorse species to Appendix II in November 2002, with implementation on 15 May 2004 . Seahorses, basking sharks and Many Australian syngnathids are considered globally threatened on the basis of declining populations (IUCN, 2004;  Table 1 ). The status of 38 Australian syngnathid species has also been assessed (Pogonoski et al., 2002) for national waters only (Table 1) . Such evaluations may represent neither the full threat nor the status of nonendemic species. For example, some seahorses that are little exploited off northern Australia, even in trawl bycatch (Stobutzki et al., 2001) , are heavily fished and traded in other parts of the Indo-Pacific (H. kelloggi, H. kuda, H. spinossimus and H. trimaculatus) ; Australian populations may provide a refuge for such species.
Biology of wild syngnathids has been well studied in Australia in comparison to elsewhere (Steffe et al., 1989; Kendrick & Hyndes, 2003; Takahashi et al., 2003; references in Foster & Vincent, 2004) . Australia has also led the way in ex situ studies of syngnathids (Payne et al., 1998; Payne & Rippingale, 2000; Adams et al., 2001) , partly during the development of commercial seahorse aquaculture ventures. However, the length of the coastline and diversity of the syngnathid fauna means that large gaps in our knowledge remain.
Syngnathids, particularly seahorses and sea dragons, enjoy a high profile in Australia as conservation icons and aquaculture products. Two Australian states, Victoria and South Australia, have syngnathids as their marine emblems, and a range of community initiatives focus on syngnathids (e.g. DragonSearch, 2005) . At least four commercial aquaculture ventures were also established over 1996-2002, culturing local and exotic species, primarily for the home aquarium trade. The role of Australia as a centre of syngnathid diversity, aquaculture development and a potential refuge for some heavilyexploited species makes it important to investigate syngnathid trade to (1) determine which species are or have been exploited in Australia, (2) assess domestic uses of syngnathids, and (3) estimate import and export routes, volumes and values of syngnathids in trade. 
Trade in Australian syngnathidae
These data are required to assess the threat posed by syngnathid trade and set research and conservation priorities.
Methods

Data sources
We obtained information on syngnathids in Australia using a variety of methods: (1) published information from government agencies and interviews with staff (n = 12); (2) published information and interviews with staff of non-governmental organizations (n = 5), commercial organizations (n = 3), syngnathid researchers (n = 4), and others (n = 2); (3) interviews with traditional Chinese medicine (TCM) retailers (n = 10), aquarium collectors/aquaculturists (n = 6) and aquarium retailers (n = 29); (4) published information from Customs agencies of other countries; (5) published and unpublished information from Project Seahorse trade surveys in other parts of the world (Vincent, 1996) . We endeavoured to validate our estimates through the use of multiple sources and internal consistency checks. We decided on survey locations and number of interviewees using historical knowledge of Australian trade (Vincent, 1996) and on information provided by other people, as detailed above. Our trade surveys in TCM shops took place in Sydney (n = 2) in 1999 and in Sydney (n = 6) and Perth (n = 2) in 2001. Both cities have large ethnic Chinese populations and clearly defined areas with concentrations of TCM retailers. Individual retailers were chosen randomly. For semi-structured interviews in 2001 we worked with a Mandarin-speaking Chinese-Australian interpreter. We asked respondents to detail the source, uses, trade routes, volumes and prices of syngnathids they sold and temporal changes in demand or supply. We checked for consistency within an interview by asking for the same information in different ways. Our tallies of TCM retailers and wholesalers for all of Australia were extracted from phone directories and Internet searches.
Our surveys of aquarium retailers stocking seahorses took place in Adelaide (n = 2), Sydney (n = 3) and Perth (n = 4) in 2000 and 2001. We also interviewed aquarium collectors/aquaculturists (n = 6). Again, semistructured interviews were used and respondents were asked about the origin and trade routes of seahorses, volumes and prices, and temporal changes in demand and supply. We conducted phone interviews in Sydney (n = 12) and Perth (n = 8) to determine the proportion of aquarium retailers stocking seahorses.
We obtained official export data from 1998 onwards for syngnathids from Environment Australia, including details of the species, source, volume and destination. For 1995-1997 we obtained data on syngnathid exports from the Australian Quarantine and Immigration Service. We cross-validated Australian export data using official Customs data on syngnathid imports into Hong Kong, mainland China and Taiwan (stated destinations for all dried exports) and the European Union and USA (stated destinations for most live exports). We also compared official export data with estimates from a study of pipehorse bycatch in the Queensland East Coast Trawl Fishery (Connolly et al., 2001) .
Data analyses
All volumes were converted from TCM measuring units into metric units. Prices are given in USD, converted from original units using the mean historical exchange rate for each year. Survey data from 1999 were standardized to 2001 values using changes in exchange rate and adjusting for inflation. Survey data were not normally distributed, with highly skewed data in many cases because of extreme values. We therefore used median values in our calculations, together with 90% confidence intervals. To estimate yearly domestic consumption of syngnathids we converted weekly sales into yearly values and multiplied these by number of retailers stocking syngnathids and weight or value of each individual. Our range was calculated using the lower and upper confidence intervals for each value. Given the uncertainty associated with each value and the multiple variables associated with each estimate, confidence intervals are large.
For exports of dried syngnathids from Australia we assumed that all of the unclassified exports ('syngnathids') prior to 1998 (and identification to species) were pipehorses, Solegnathus spp., as these represented the overwhelming majority of later exports. To estimate the value of the export fishery we multiplied the mean volume of pipehorses with an estimate of wholesale price provided by fisheries processors (R. Connolly, pers. comm.) . We also calculated the mean value of imports to Hong Kong and Taiwan from declared import values. Exports of live seahorses from Australia were analysed separately for the periods 1994-1999 and 2000-2003 because of an order of magnitude change in volumes. Median prices from US Fish and Wildlife Service records were used to estimate the value of the seahorse trade. For other syngnathids (predominantly sea dragons), the only available dataset was the export database of Environment Australia. Median values for these live exports were obtained from Pogonoski et al. (2002) and an interview with an aquarium wholesaler.
Results
Species, uses, and trade routes to and from Australia
At least 16 species of syngnathid were observed for sale in Australia, dried for TCM or curios or live for the home aquarium trade (Table 2 ). The majority of these dried syngnathids were sourced from outside Australia whereas live syngnathids were from a mixture of domestic and international sources. All respondents reported that their dried syngnathids were imported primarily from Hong Kong, a major distribution and re-export centre. They did not know the countries of origin of the syngnathids. Similarly, most aquarium retailers did not know, or were not willing to disclose, the countries of origin of live syngnathids, except for those produced by Australian captive-breeding operations.
Respondents (n = 7) in TCM shops indicated that seahorses, pipehorses and pipefishes were used in the same ways: for 'kidney' (a general term for whole body health; May & Tomoda, 2002) , skin health, for 'men's spirit' (aphrodisiac), as a treatment for asthma & phlegm, and as a tonic and to clear toxins from blood. In addition, syngnathids were considered a natural remedy that was more efficacious than synthetic drugs. TCM pharmacists surveyed said that syngnathids were invariably sold to ethnic Chinese, usually to fill TCM practitioners' prescriptions (n = 5).
Sixteen species of syngnathid were exported from Australia, three only as dried product for the TCM market, 12 as live fishes for the aquarium trade and one species for both trades ( Table 2 ). All dried syngnathids were exported to mainland China, Hong Kong or Taiwan whereas live syngnathids were exported to the European Union, Japan and USA. Reports of 'sea dragons' in TCM refer to the pipehorses Solegnathus spp.; the two Australian sea dragon species (Phycodurus eques and Phyllopteryx taeniolatus) are neither exported nor used in TCM (Vincent, 1996 ; AV, pers. obs).
Estimated syngnathid imports into Australia and domestic trade
All TCM retailers reported that dried seahorses were expensive items and that trade volumes were variable but generally low. Dried pipehorses were considered to be too expensive for the local market and were rarely sold. Dried pipefishes were cheaper items and were usually included in the same prescriptions as seahorses. Overall, our estimates of Australian consumption of dried syngnathids were minor, both in volume and value (Table 3) .
Live seahorses were sold throughout Australia, apparently as popular items, but we estimate that relatively few individuals were actually traded although their high unit value meant that the value of the trade was reasonably large (Table 3) . We did not obtain any estimates of volumes or values of other live syngnathids traded in Australia.
Estimated syngnathid exports from Australia
Most dried syngnathids exported from Australia were pipehorses. Early exports were labelled only as syngnathids, but species identity was recorded from 1998, revealing that >98% of all later exports, at least, were the pipehorses S. dunckeri or S. hardwickii (Fig. 1) . All recorded pipehorse exports were sourced from bycatch in the Queensland East Coast Trawl Fishery. Australian export data showed considerable temporal fluctuations in pipehorse exports, with an average of about 1 t per annum (Fig. 1, Table 4 ). The only declared exports of Source is indicated in parentheses from information provided in permit returns to Environment Australia. W, wild caught, C, captive-bred, G, grow-out. Captive-bred indicates that progeny can be produced from F 2 generations or higher, whereas grow-out refers to rearing of juveniles born to wild-caught adults.
Trade in Australian syngnathidae dried seahorses were about 5 kg of H. abdominalis from aquaculture operations in 1998 and another 10 kg in 2001. Australia's export data for syngnathids differed considerably from Hong Kong's import data, both in terms of declared species and volumes. Hong Kong recorded large imports of dried seahorses from Australia in some years (Fig. 2) , although Taiwan reported none in its long time series of data (since at least 1982). The volumes of pipehorses imported to Hong Kong from Australia (Fig. 3) were always greater than those recorded in Australian export statistics to Hong Kong. Taiwanese import data (Fig. 3 ) were more consistent with Australian export data except during 2001 (cf. Figs 1 & 3) . Calculated volumes of pipehorses exported from Australian seafood processors in June-December 1999 were 632, and 837 kg for 2000 (Connolly et al., 2001) , consistent with Hong Kong and Taiwan's import data rather than with Australia's export data. Declared values for seahorses in Hong Kong declined sharply from 1998 (the first year of record keeping) to 1999 and thereafter remained stable, whereas pipehorses showed the opposite trend, rising from 1998 to 1999 and then remaining stable (Fig. 3) . Conversely, in Taiwan, the value of pipehorses generally declined slightly over [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] (Fig. 3) . The overall value of the pipehorse fishery was considerable despite large annual fluctuations (Table 4) .
Records of trade of live seahorses from Australia in the period 1994-1999 were consistently low using either export or import data (Fig. 4 ). An order of magnitude increase in exports occurred in 2000. This was attributed almost entirely to captive-bred H. abdominalis in Environment Australia records, although USA import records classified almost half of the seahorses as wild-caught. Export and import data showed congruent patterns although export volumes were always 20-100% higher (Fig. 4) . The estimated value of the live seahorse trade was relatively minor (Table 5) . Export records for other syngnathids, almost exclusively the two sea dragon species, showed a reasonably constant, low volume trade over the period 1994 -2001 . Despite this low volume the trade was lucrative (Table 5 ).
Discussion
Our data provide the first quantitative estimates of the scale of Australian trade in syngnathids. In general, trade in syngnathids to and from Australia was relatively minor, particularly in comparison with trade involving China, Hong Kong, India, Indonesia, Mexico, Taiwan, Thailand and Vietnam (Vincent, 1996; Giles et al., 2005; A. Vincent & A. Perry, unpubl. data) . However, Australia is clearly the major source of dried pipehorses and sole source of live sea dragons for international trade, despite the uncertain quality of some data. Survey data involved extrapolating from limited numbers of interviews to countrywide estimates of Trade in Australian syngnathidae consumption, raising questions about the representativeness and transparency of our respondents. Within the limits of our logistic constraints, we controlled for these concerns with random sampling and internal validation techniques, and cross-verified using multiple data sets wherever possible. Similar techniques in Hong Kong produced quantitative estimates that were substantiated when official Customs data became available from 1998, with no evidence of exaggeration (Vincent, 1996) . The limited official data still allowed clear inferences, whatever their flaws. Despite mandatory reporting since 1998, Australian syngnathid export figures differed considerably from import statistics to Hong Kong, the most important export destination. Discrepancies in volumes of dried seahorses moving from Australia to Hong Kong are probably best explained as misidentification/ mistranslation of pipehorse imports as seahorses in Hong Kong. However, the large discrepancies between export and import data sets for pipehorses (up to fivefold in 1999 and 2000) suggest that these Australian exports may have been significantly under-reported, especially as interviewed pipefish processors produced data agreeing closely with import figures from Hong Kong and Taiwan (Connolly et al., 2001 ).
Pipehorse and sea dragon trade
The trade in dried pipehorses had considerable economic and conservation significance, representing the largest syngnathid trade from Australia. As pipehorses are only landed as bycatch, they may provide an economic subsidy to the fishery, thus promoting fishing effort (Hall et al., 2000) . Import data from Hong Kong and Taiwan showed declines in pipehorse volumes over 1998-2002. Such changes may arise from overexploitation, spatial and temporal redistribution of fishing effort, altered demand for (or value of) pipehorses, or alternative sourcing. Catches of pipehorses in Queensland declined over 1998-2000 (Connolly et al., 2001) , but a dearth of data on the distribution of fishing effort and on wild populations precludes interpretation. To determine whether current rates of exploitation are sustainable, fisheries-independent data should be collected for pipehorse populations along with accurate catch and effort statistics from the trawl fisheries. Biological research is also needed. Pipehorses, like many other syngnathids, occur at low population densities (Connolly et al., 2001) . Local depletions may render them vulnerable to Allee effects wherein reproduction is reduced through the inability of reproductively capable animals to find a mate (Gascoigne & Lipcius, 2004) .
The aquarium fishery for sea dragons is also economically important, primarily because individual animals are valuable. However, this trade represented only a limited catch of wild sea dragons. The practice of catching a few brooding males and rearing the young for later sale means that the trade is almost certainly sustainable, particularly for the widespread P. taeniolatus. Both sea dragon species have been considered to show no evidence of population declines (Pogonoski et al., 2002) .
Seahorse trade and aquaculture
The seahorse fishery (including aquaculture) is probably of limited economic importance throughout Australia. Total fisheries production (including aquaculture) from Australia was estimated to have a gross value of USD 1.4 billion in -3 (Caton, 2003 . Thus, seahorses, at most, represented between 0.001-0.01% of total gross fisheries revenue. Unlike neighbouring south-east Asia, seahorses are not caught in large numbers in Australian coastal fisheries, either targeted or as bycatch (Stobutzki et al., 2001) . Thus, international trade does not appear to pose a major threat to seahorse populations.
Seahorse aquaculture developed substantially in Australia over 1996-2001. Following increased awareness of a market for seahorses a number of start-up aquaculture ventures were proposed throughout Australia. In 2004 at least four operations were culturing seahorses commercially for the domestic aquarium market.
Seahorse aquaculture may increase pressures on wild populations. Broodstock for aquaculture is taken from the wild, initially for start up and then to preclude inbreeding depression, but the effects of such removal have not been quantitatively monitored. Seahorse aquaculture often involves obtaining wild food supplies and discharging potentially contaminated wastewater. The business nature of seahorse aquaculture in Australia creates a pressure to sell as many animals as possible, sometimes for new uses and/or to countries that did not trade in seahorses historically. If such new demand cannot be supplied solely from aquaculture or can be supplied more cheaply from elsewhere, pressure on wild populations will increase. Seahorse aquaculture will only have positive benefits for wild seahorses if demand remains relatively constant and switches from wild to cultured animals, raised in operations that are environmentally sound. If demand simply increases to match increased supply, no net conservation benefit will be achieved.
Other threats to syngnathids
Overall, habitat loss and degradation are probably the greatest conservation concerns for Australian coastal species, including syngnathids (Australia SoE Committee, 2001 ). Degradation of estuaries and coastal lakes, declines in temperate seagrasses, loss of mangroves and salt marshes, unsustainable coastal development, effects of fishing, introductions of foreign organisms and population increases in native species (Drupella snails and crown-of-thorns starfish Ananthaster planci) all pose (Johnson, 1999; Pogonoski et al., 2002 ). Verco's pipefish Vanacampus vercoi was identified as being particularly vulnerable to habitat loss, disturbance or alteration because of its restricted geographical range in South Australia and its apparent preference for shallow (2-3 m depth) habitats (Pogonoski et al., 2001) .
Using syngnathids as conservation flagships
Australia is committed to syngnathid conservation in particular and marine conservation in general. Considerable public awareness and appreciation of syngnathids has fostered strong community involvement in marine issues. Moreover, Australia's legal framework for fisheries and conservation should help ensure long-term persistence of seahorse populations, assuming proper enforcement. Its role may be particularly important for species whose populations elsewhere in the Indo-Pacific are being overexploited to meet trade demands. Australia's Oceans Policy was launched in 1998, with specific commitments to accelerate development and management of marine protected areas, support mandatory water quality standards and increase understanding of commercial and recreational impacts on marine habitats (Commonwealth of Australia, 1998). Similarly, State governments have had policies in place to prevent further degradation or restore habitat, including the establishment of representative marine protected areas. Non-governmental organizations and government agencies are involved in many projects ranging from habitat restoration through stormwater treatment to marine protected areas. These initiatives need to be supported through judicious engagement with particular species that are representative of general problems, such as pipehorse bycatch in indiscriminate gear. In this respect, we would hope for cooperation with New Zealand, where pipehorse bycatch remains unmonitored. Syngnathids have the potential to act as powerful icons for sustainable trade in marine products.
